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Some approximate  values of the yawing moment due t o   s i d e s l i p  
derivative  for  eight  airplane-like  configurat . ions flown as rocket models 
for   other  purposes, a t  transonic  speeds, have been collected and compared 
with  the  available  subsonic and supersonic  wind-tunnel data fo r   t he  same 
configurations. 

The comparisons of tunnel and rocket da$a tended to   ver i fy   the  
magnitude  of values of d i rec t iona l   s tab i l i ty   ind ica ted  by the  rocket 
tests even  though the  rocket  data were obtained  by a simplified  single- 
degree-of freedom an&lysis  of random osc i l la t ions  a t  low angles  of  at tack 
and s ides l ip .  

The rocket data indicated that the  maximum value of the  direct ional-  
s t a b i l i t y  derivative C, occurred a t  Mach num&rs between 1.1 and 1.2. 

Although the data shared  appreciable  scatter  because  of  the random nature 
of the   osc i l la t ions ,  the variat ion o f  C with Mach. number a t .  transonic 
speeds  generally  appeared t o  be f a i r l y  smooth and regular. There was 
some evidence in the rocket-model data of cross  coupling between pi tch 
and y a w  a t  low lift coeff ic ients  when the  frequencies i n  pi tch and y a w  
approached equality.  

B 

nP 

The available data indicate l i t t l e  var ia t ion w i t h  Mach number of 
the wing-body contr ibut ion  to  C at low lift coeff ic ients .  None of 
the data Fndicated the probabili ty of any unusual vert ical- ta i l - load 
problems a t  transonic  speeds. 
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I N T R O D E T I O N  ' I 

Several  rocket models of airplane-Like  configurations flown by tae Y 

Langley Pilotless  Aircraft  Research  Division i n  hvefitigatTons of drag 
o r  longi tudina l   s tab i l i ty  and control  have  been instrumented t o  record 
lateral  force. Random osc i l la t ions  have appeared in   the   l a te ra l - force  
records,   in  the  transonic speed range,'as a r e s u l t  o f  rough air or   other  
disturbances  introduced  into  the flights. These osc i l l a t ions  have been 
analyzed by the method presented- i n  reference 1 to   ob ta in  approximate- 
values  of  the y a w i n g  moment due to   s ides l ip   der iva t ive .  Because of  the 
general  lack  of.experimenta1 dat8, at- transonic speeds, f o r  many of the 
s ides l ip   der iva t ives ,   the   e f fec t ive   k lues  of  d i rec t iona l   s tab i l i t -y  
calculated from the  records of 13'model f l i g h t s  (8 airplane-like conf igu- 
ra t ions)  have been collected.  The configurations  'considered have both 
unmept and swept w i n g  and ver t ica l - ta i l   p lan  forms. 

. .. 

. . .  . .  

- .. 

.. " 

The d i rec t iona l -s tab i l i ty  data are presented  in   this  paper with no 
analysis  other  than compxirisons with  the available subsonic and super- 
sonic  wind-tunnel data far the 'same configurations in  order t o  make the 
data  more immediately available ta  designers.  

SYMBOLS 

% lift coefl ic ientq - L i  f-k 
qs 

Cn yawing-momenbcoeff ic ien t ,  
Yawing  moment about  center of  gravi ty  

q= 

S w i n g  area., sq f" 

b wing spm, f t  

C 
- 

wing mean aerodynamic  chord, f t  

9 dynamic pressure, -pM , lb/sq f t  7 2  
2 

P s ta t ic   pressure,   lb /sq f-t 

M Mach  number 
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Y specif ic  heat r a t i o   f o r  air, 1 .4  

P sideslip  angle,  deg 

nP C r a t e  of change of yawing-moment coeff ic ient  w i t h  s ides l ip  
angle per deg 

% * ef fec t ive  value of C calculated from single-degree-of- nP ’ 
freedom equation of reference 1, 

* 
= 0.688 - Iz 

CnP qSb$’ per 
de@; 

IZ 
P 

moment o f   i ne r t i a  in  yaw,  slug-ft 2 , 

period  of yawing motion as indicated by lateral accelero- 
meter reading   ( la te ra l   force) ,   sec  

MODELS AMI INSTRUMENTATION 

The models from which data were obtained had been  propelled t o  
v?.rious meximum speeds in free air  by  various  combinations  of  internal , 

and external solid-propellant  rockets.  Wble I presents  the  principal 
geometric  characteristics  of a l l  the models considered and  three-view . drawings of each model are presented with the * data in the data 

cnP 
figures.  Additional data on the construction and propulsion  systems  of 
most of  the models may be obtained from references 2 t o  5 .  

Instrumentation commn t o  a l l  models and per t inent   to  the  present 
study  consisted of a telemetered lateral accelerometer  providing con- 
tinuous  records  of lateral force  against  time. Values of Mach number 
and dynamic preseure were computed from various  combinations  of.teleme- 
tered  static-pressure  data,  telemetered  total-pressure data, veloci ty  
data from a Doppler radar unit, flight-path dsta from an NACA modified 
SCR 584 tracking  radar,  and  atmospheric data from radiosondes.  Refer- 
ences 2 t o  5 discuss the instrumentation  for the models more completely. 

The primary  data were obtained as continuous-line  records  of lateral 
force against t i m e .  Oscil lations .due t o  rough air  or  other  unidenti-  
fiable sources appeared i n  these records. The osc i l l a t ions  were random 
i n  nature and their magnitudes generally were less than Q O  percent  of - the  calibrated instrument  range. The maeitudes  generally corresponded 



t o  osc i l la t ions  i n  s idesl ip   of   less  than &lo. The periods  of the osc i l -  L 

l a t ions  were obtained  by  measuring the time required  for the occurrence 
of one o r  more complete cycles. The random nature and small ampli tude 
o f  the osc i l la t ions  induced  appreciable  scatter Ln the measurements of * 
period. No attempt ww. m a d e t o  f a i r  a c u e  of period  againstrMach  nuh%r . 

t o  reduce  the  scatter  because,  for most cases,   insufficient data were 
available from any  one-Tlight  to-define  such a curve  adequately. 

"" 

The conversion of  the period data t o  values of * was made by 
u s i n g  the  single-degree-of-freedom expression f ' m m  reference 1 (see the 
symbol list). In order to show the val id i ty  of this  single-degree-of- 
freedom approximation for  airplane  configurations-  similar  to the models 
considered  herein, some "true" and "effective" values  of C are 

compwed in  figure 1. The true values of C are those used along with 
the best available measured and est-dated  - lues of  a l l  the directional-  
s tabi l i ty   der ivat ives   to   calculate  the period  of s ides l ip   osc i l la t ion  
for   four   a i rplanes i n  the flaps- and  gear-up condition by using the 
complete equations o f  motion (ref. 6 to 8 and unpublished  data). The 
effect-lve  values  of C are those  calculated by the single-degree-af-. 
freedom procedure  by  using  the  period  obtained from the complete  equa- 
t ions.  The comprison i n  figure l shows that, in most  cases, the t r u e  

CnP 

nB 
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and effective  values  of C -agree within *0.0005. 

. .. 

. 

FC3SULTS AIQD MSCUSSION 

%sic Data 

The values  of C * calculated from the rocket-flighlrdata are nP 
presented i n  figure-s 2 t o  9 for  models 1 t o  8. Also presented  in 
figures 2 t o  9 are  three-view drawings of each model and the available 
windwtunnel data on Cn for each model taken from references 6 t o  14 " 

. " 

P 
and various  unpublished  sources. The wind-tunnel  values  of C are 

presented  for  the complete models and, where.possible,  for component- 
parts of the models. A l l  the wind-tunnel  values of C, have been 
t ransfer red   to   the  flight-rnodex.  center-of-gr&vity  location. Each curve 

nP 

P 
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m a  RM ~ 5 2 ~ 0 6 1 ~  

o r  group  of data point 

.\ - 
s in n g u r e s  2 t o  9 is la1 e l e d  w i t h  

3 

some one, o r  
combination, of the letters W, B, H, and V to   ind ica te  the components of 
which the model consisted when the data were obtained. The meanings of 
the let ters are: 

W wing 

B body, Fncluding canopy w h e r e  shown in sketch 

E horizontal  t a i l  

Other  information  of interest fo r   pa r t i cu la r  models is given i n  
table  II. 

General  Trends 

Agreement with tunnel data.- The values of Cn * for the rocket P . models shown in figures 2 t o  9 generally agree w e l l  i n  magnitude with 
test data or reasonable  extrapolations  of test data from subsonic and 

agreement, model 8. For model 8 there were the following  differences 
between the wind-tunnel  and  rocket models: (a) The rocket model had 
longer  fuselage ahead of wing, (b) the rocket model laad smaller base 
(grea te r   boa t ta i l  on rear of  fuselage), and (c) the rocket model was 
flown w i t h  aluminum-shell fuselage  and magnesium ve r t i ca l   su r f ace   a t  
nearly sea leve l   s ta t ic   p ressure ,  whereas the tunnel model had s t e e l  
surfaces and a steel reinforced body and was tested a t  less than sea- 
leve l   s ta t ic   p ressure .  All these differences would be expected t o  r e su l t  
i n  lower  values of C, f o r  the  rocket model. Quant.itatively,  the 

aeroelast ic  loss has been estimated and the magnesium v e r t i c a l   t a i l  on 
the  rocket model is felt  to have been  about 85 and 70 percent effect ive,  
as compared t o  the steel ta,il, a t  Mach numbers of 0.85 and 1.4, respec- 
t ive ly .  By us ing   th i s  loss i n  t a i l  effectiveness and a value of C 

fo r  fuselage as  estimated from reference 1!3, most of  the  difference 
between rocket model C and tunnel model Cn can be explained. 

. supersonic  wind-tunnel tests. There is one apparent  exception t o  t h i s  

P 

nP B 

Complete-model C, at  transonic  speeds .- The variat ions of C, * 
P B 

with Mach number i n  the transonic  range  appear to  be gener&lly  regular 
. w i t h  peak values  occurring a t  transonic  speeds as is usualiy the case 

f o r  the l i f t -cme slope  of  f inite-aspect-ratio  airfoils.  Although the 
data are very  scattered,  probably  because  of the random nature  of the - 
I 
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osc i l la t ions  and possibly because  of nonl inear i t ies   a t  small angles of 
s idesl ip ,  the rocket models a l l  appeared t o  have maximum values  of C * 

ng 
a t  Mach numbers between 1.1 and 1.2. The maximum lift-curve slope  for c 

f i n i t e a s p e c t - r a t i o   a i r f o i l s  (refs. 16 and 17) generally  occurs  quite . 
Close t o  M = 1. The rearward s h i f t  in .the aerodynamic center which 
occurs fn the  transonic  range, however, is usually  not complete a t  PI = 1. . 
This rearward movement of the aerodyiamic  center a t  M > 1 probably is 
the cause  of the maximum value of  C * occurring a t  M = 1.1 t o  1.2 

instead of a t  M = 1 as for l’ift-curve slopes. 

Pitch-yaw cross  coupling.- The data f o r o d e l  5 showed a reduction i n  
C * a t  Mach numbers between 1.0 and 1.2  both  with and without  external 

s tores   instal led.  The reason   for   th i s   apparentdecrease   i snot  known but-  
it is probable that the C * values  in the Mach number range between 
M = 0.85 and 0.9 are erroneously  high  because of &o8s  coupling  with an 
osc i l la t ion   in   p i tch  that i s  known t o  have occurred  simultaneousXy with, 
and a t  the same frequency as, the lateral osc i l la t ion .  The wind-tunnel 
data tend  t o  support  this  explanation  as does the rocket-model peak i n  
C * at M = 1.2 which is consistent  with the data   for  the other models. 
The rocket-model data near M = 1.3, which agree  with  the  wind-tunnel 
data, were also  obtained when the model was osc i l la t ing  in both pi tch and 
yaw but  not a t  equal  frequencies  in  the two planes,  thus, the cross 
coupling, i f  any, was appreciable only at- subsonic  speeds where the pi tch  
and yaw frequencies were approximately eqw’. f o r  t h i s  model. Examhation 
of  the basic  data records shared that equal-frequency p i t c h  and y a w  osc i l -  
lat ions  occurred  for  the following models and Mach numbers: 

nP 

nP 

I I t I Model I Mach  nirmber 1 Figure 

I 1 I 1.21 t o  1.23 1 2 I 
4 

(Not presented) 0.88 t o  1.03 8 
6 0.85 t o  0.98 5 
5 1.17 

These equal-frequency  oscillrttione  generally  occurred at values of 
CL between -0.1 and 0.1. The values of Cnp* for the  above models and 

Mach numbers may be e r m n e o u ~  and should  therefore  not be given much 
weight- in estimating the variation  of Cnp* with M. 

The reason  for  the  existence of  the cross-coupled  oscillations is, 
as yet, unknown. The low l i f t  at which the oscillations  occurred and 
the appearance of equal  pitch and y a w  frequencies  indicate that the cro88 
couplirig i s  not the high-angle-of-attack type treated  in  reference 18 nor 

. 

t 
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the low-angle type  encountered  in some research-airplane flight tests 
where the  pitch  frequency was twice  the yaw frequency  (ref. 19) . 

Fuselage a t  t ransonic  speeds.- There are no data  t o  indicate  
CnP 

d i r e c t l y  the variation  of  the  fuselage  contribution t o  with Mach 
number a t  t ransonic  speeds except  the  wing-off data *om reference 15. 
It m i g h t  be expected that slender  bodies would show no marked var ia t ions  
of C with Mach number and  both  the  rocket data (ref. 15) and the  wind- 

tunnel data f o r  models 2, 3, 4, and 5 tend t o  subs t an t i a t e   t h i s   be l i e f .  
The magnitudes  of  the  values o f  tail-off C general ly  agree reasonably 

well   with estimates based on the  data and  procedures  of  references 20 and 
21. 

Cne 

=I3 

Vertical-tail   loads.-  None of the data f o r  models 1 t o  8, all of 
which had f a i r l y  thin stabilizing surfaces,  indicated any r ad ica l   l o s ses  
i n  hp a t  transonic  speeds. Thus, no unusual   ver t ica l - ta i l . loads  would 
be expected to   occur  a t  Mach numbers near 1. Not enough is  known as  yet  
about  the  coupled  oscillations  which  occurred  for models 1, 4, 5 ,  and 8 
t o  estimate whether  they would OCCUT on the airplanes.  For the models, 
however, the amplitudes of the  coupled  oscil lations were not  appreciably 
d i f f e ren t  from those  of the other  oscil lations.   Therefore the possible 
existence of such  coupled osc i l la t ions   for   the   a i rp lane  is  f e l t  t o  be more 
of a handling-qualities problem than a t a i l - loads  problem. 

CONCLUDING REMARKS 

Comparisons of the yawing moment due to   s ides l ip   de r iva t ive  C 
values from wind-tunnel data and from single-degree-of-freedom analyses 
of random osc i l l a t ions  in rocket-model data f o r  several airplane-l ike 
configurations show fair agreement. The r o c k e t a d e l  data generally show 
f a i r l y  smooth var ia t ions  of   effect ive with Mach number and m a x i m m i  
values of  e f f ec t ive  occurred i n  the Mach number range between 1.1 

and 1.2. There was some evidence i n  the rocket tests o f  cross  coupling 
between p i t ch  and yaw a t  low lift coef f ic ien ts  when the  frequencies in 
p i tch  and yaw approached equalfty.  The data  indicated  very l i t t l e  

np 

cnP 
Cne 
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var ia t ion  with Mach  number o f  - the wing-body contribution t o  C a t  low 
lift. None of t he  data indicated  the-  prob-ability o f  any unusual  vertical-  
ta i l - load problems at  transonic  speeds. . 

& 

nP 
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Figure 1.- Comparison  of true and effective values  of directional- 
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percent Source  Refemnoe 
c 4 * ,  
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Figure 4.- Directional-8ta.bility &ta for model 3. 
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'-Figure 5.- Directional-stability d a t a  for model 4. 
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Figure 7. - Directional-stability data for model 6. - " 
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Figure 8.- Direct-ional-&ability data f o r  model 7. 
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Figure 9.- Directional-stability data for model 8. - 8 
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